The lunar crescent and earthshine observed at 2 deg solar elongation by Koomen, M. J. et al.
TNE LUNAR CRESCENT AND EARTHSHINE OBSERVED 
AT 2 0  SOLAR ELONGATION* 
M .  J .  Koomen, R .  Tousey, and R .  T. Sea l ,  Jr. 
E .  0 .  Hulburt  Center  for Space Research 
Naval Research Laboratory 
Washington, D.  C .  20390 g- 44- a 3 9 - a 3 L  
Talk  p resen ted  a t  t h e  
Tenth Meeting of COSPAR 
London, 24-29 J u l y  1967 
GPO PRICE $ 
CSFTl PRICE(S1 $ 
Hard copy OW- 
Microfiche (MF) - 
ff 653 July 65 
To be publ i shed  i n  Space Research 
* 
Supported by t h e  Na t iona l  Aeronaut ics  
and Space Adminis t ra t ion  
-6 
https://ntrs.nasa.gov/search.jsp?R=19680025281 2020-03-12T06:56:00+00:00Z
THE LUNAR CRESCENT AND EARTHSHINE OBSERVED 
AT 2 0  SOLAR ELONGATION* 
- - - - -  
M .  J .  Koomen, R .  Tousey, and R. T.  S e a l ,  Jr.  
E .  0. Hulburt  Center  f o r  Space Research 
Naval Research Laboratory 
Washington, D.  C .  20390 
ABSTRACT 
From t h e  e a r t h ' s  s u r f a c e  t h e  luna r  c r e s c e n t  and e a r t h -  
s h i n e  are d i f f i c u l t  t o  see a t  small  so l a r  e longa t ions ,  
because of t h e  b r i g h t n e s s  of t h e  t w i l i g h t  sky .  A t  
e l o n g a t i o n s  less  t h a n  7' t h e  c r e s c e n t  d i sappea r s  
completely (Danjon, 1933), and t h e  e a r t h s h i n e  is masked 
by t h e  s k y ,  Photographs made from an Aerobee-150 rocke t  
w i t h  an e x t e r n a l l y  o c c u l t e d  Lyo t  coronagraph show t h e  
e a r t h l i t  moon a t  an e longa t ion  of only 2 O .  A v e s t i g e  
of t h e  l u n a r  c r e s c e n t  is v i s i b l e .  The coronagraph 
w a s  launched a t  1638 UT from t h e  White Sands Missile Range 
on 12 November 1966, t h e  day of t h e  t o t a l  s o l a r  e c l i p s e  
i n  South A m e r i c a .  The photographs c l o s e l y  resemble t h o s e  
of t h e  f u l l  moon i n  t h e i r  r ende r ing  of r e l a t i v e  br ighknasses  
of s u r f a c e  f e a t u r e s .  From t h i s  one concludes t h a t  t h e r e  is 
a n e g l i g i b l e  amount of l i g h t - s c a t t e r i n g  material  between 
t h e  moon and e a r t h .  I f  t h e r e  were such  material its 
s t r o n g  forward s c a t t e r i n g  would have produced some a d d i t i o n a l  
* 
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b r i g h t n e s s ;  t h e  coronagraph would t h e n  have recorded  t h e  
e a r t h l i t  moon w i t h  an anomalous b r i g h t n e s s  d i s t r i b u t i o n  
because its s u r f a c e  would have been viewed through t h e  
o v e r l y i n g  l i g h t  from t h i s  m a t e r i a l .  S ince  t h e  forward 
s c a t t e r i n g  a t  2' is approximately lo6 t o  io7 s t r o n g e r  
than  t h a t  a t  90' for  p a r t i c l e s  i n  t h e  10 t o  100 1.1 
diameter  range,  t h e  b r i g h t n e s s  amonaly should  be a 
s e n s i t i v e  i n d i c a t o r  of c i s - l u n a r  d u s t .  L imi t a t ions  of 
t h e  method w i l l  be  d i s c u s s e d .  
The trace of t h e  new moon c r e s c e n t  w a s  p r e s e n t  as an 
i r r e g u l a r  g l i n t  near  Mare Marginis .  I f  t h i s  w a s  indeed 
a d i f f u s e  s u r f a c e  r e f l e c t i o n  t h e  g l ana iqg  angle  of 
i nc idence  over  t h e  i l l u m i n a t e d  area seen  from t h e  ear th  
ranged from 0' t o  2'. 
t han  2' would have prevented t h e  r e f l e c t i o n .  
conc lus ion  is t h a t  Mare Marginis,  i f  t h i s  is indeed t h e  
sou rce  of t h e  g l i n t ,  has  l a r g e  r e g i o n s  w i t h  s u r f a c e  tilts 
Therefore  s u r f a c e  tilts g r e a t e r  
The 
no g r e a t e r  t han  2' i n  t h e  l i n e  of s i g h t .  
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Some t h i r t y  y e a r s  ago Danjon (1936) made an exhaus t ive  
s tudy  of t h e  moon's c r e s c e n t  and t h e  e a r t h s h i n e .  He was 
a b l e  t o  see t h e  c r e s c e n t  t o  8' e longa t ion ,  where it w a s  
reduced t o  an arc of 66' measured from t h e  moon's c e n t e r .  
A t  S 7' e l o n g a t i o n  t h e  c r e s c e n t  vanished .  The e a r t h s h i n e  
w a s  i n v i s i b l e  a t  less t h a n  16.2' e l o n g a t i o n .  Obviously,  
s e v e r a l  factors  cause a r a p i d  lo s s  of v i s i b i l i t y  as t h e  
e l o n g a t i o n  is decreased:  t h e  i n c r e a s i n g  b r i g h t n e s s  of t h e  
sky a s s o c i a t e d  w i t h  reduced so la r  dep res s ion  a n g l e s ;  t h e  
i n c r e a s i n g  atmospheric  a t t e n u a t i o n  as t h e  horizon i s  
approached; and f o r  t h e  c r e s c e n t  t h e  decreased  b r i g h t n e s s  
a s s o c i a t e d  w i t h  t h e  d iminish ing  ang le s  of i nc idence  of 
s u n l i g h t ,  coupled w i t h  t h e  rough character of t h e  moon's 
s u r f  ace. 
The NRL rocket-coronagraph (Tousey, 1965) o f f e r e d  
t h e  p o s s i b i l i t y  of photographing t h e  moon a t  less than  
7' e longa t ion ,  because t h e  high a l t i t u d e  e l i m i n a t e s  t h e  
Rayleigh sky and l eaves  only t h e  solar  corona.  The 
requirement  w a s  t h a t  t h e  moon be n o t  more than  8 RQ 
from t h e  sun,  t h e  o u t e r  l i m i t  of t h e  coronagraph f i e l d ,  
nor  closer than  3 ROY t h e  i n n e r  l i m i t  of t h e  f i e l d .  I t  
w a s  a l s o  necessary  t h a t  t h e  sun a t  t h e  launch s i t e  of 
White Sands, N e w  Mexico, be a t  an e l e v a t i o n  angle  
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between 20' and 50' where  t h e  b i a x i a l  so l a r  p o i n t i n g  
c o n t r o l  would f u n c t i o n  r e l i a b l y .  
The f i r s t  o b j e c t i v e  was t o  look  f o r  t h e  new moon's 
c r e s c e n t .  T h i s  is of i n t e r e s t  i n  connec t ion  wi th  t h e  
c h a r a c t e r  of t h e  moon's s u r f a c e ,  The geometry provides  
a lso an extremely s e n s i t i v e  method of d e t e c t i n g  a 
t r a n s i e n t  c loud  of d u s t  i n  t h e  l u n a r  atmosphere because 
t h e  Mie s c a t t e r i n g  c o e f f i c i e n t  is very  l a r g e  a t  t h e s e  
small s c a t t e r i n g  angles ,  for p a r t i c l e s  e 10 t o  z 1001.1 
d i  ame t er . 
The second o b j e c t i v e ,  d i scussed  i n  d e t a i l  by Tousey, 
Koomen, McCullough, and S e a l  (1965) concerned t h e  
p o s s i b i l i t y  of d e t e c t i n g  d u s t  between t h e  moon and t h e  
ea r th ,  t h a t  might c o n t r i b u t e  t o  t h e  b r i g h t n e s s  of t h e  
F-corona .  . Dust i n  t h e  space  ex tending  from t h e  moon 
s e v e r a l  t e n t h s  of t h e  d i s t a n c e  t o  t h e  e a r t h  might be 
r e v e a l e d  by a shadow cast  by t h e  moon, and a l so  b y  
changes i n  t h e  c o n t r a s t  of t h e  moon's d i s k  f e a t u r e s  
from t h e  edge nea r  t h e  sun t o  t h e  edge oppos i t e ,  compared 
t o  t h e  normal c o n t r a s t s  p r e s e n t  i n  t h e  e a r t h s h i n e .  An 
o v e r a l l  r e d u c t i o n  i n  luna r  a o n t r a s t s ,  r e l a t i v e  t o  t h o s e  
i n  t h e  f u l l  moon, would be expected from d u s t  nea r  t h e  
e a r t h ,  no t  shadowed by t h e  moon. 
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From ear l ier  f l i g h t s  of t h e  coronagraph there w a s  
evidence t h a t  c i s - l u n a r  material  w a s  p r e s e n t  i n  q u a n t i t y  
s u f f i c i e n t  t o  i n c r e a s e  t h e  b r i g h t n e s s  of t h e  corona by 
a f a c t o r  of 2 or more. On June 28, 1963, t h e  i n c r e a s e  
w a s  2 t o  3 (Tousey, 1965) and on A p r i l  28, 1966, t h e  
f a c t o r  w a s  3 t o  4 ( R .  Tousey and M .  J. Koomen, 1967). 
The in s t rumen ta t ion  is shown i n  F igu re  (l), mounted 
i n  a test f i x t u r e  ra ther  than  a r o c k e t .  Two Lyot corona- 
graphs  were s i t u a t e d  s i d e  by s i d e  on one s i d e  of t h e  
ins t rument  box. The o b j e c t i v e  l e n s e s  were of 30 c m  
foca l  l e n g t h  and 25 mm diameter. E x t e r n a l  o c c u l t e r s  
) 
were used t o  p l a c e  a so la r  umbra on each  o b j e c t i v e  
l e n s  when t h e  in s t rumen t s  were po in ted  a t  t h e  sun.  Each 
o c c u l t e r  w a s  c o n s t r u c t e d  of three smooth-edged d i s c s  
(Newkirk and Bohlen, 1963, 1964), designed so t h a t  t h e  
second o b s t r u c t e d  t h e  l i g h t  d i f f r a c t e d  from t h e  edge 
of t h e  first, and t h e  t h i r d ,  t h a t  from t h e  second.  
T h i s  system has proved t o  be more s a t i s f a c t o r y  than  t h e  
saw-toothed o c c u l t e r  ( P u r c e l l  and Koomen) which s u f f e r s  
a g r e a t e r  l o s s  i n  e f f i c i e n c y  when s m a l l  f o r e i g n  p a r t i c l e s  
adhere t o  t h e  edge. 
The use  of t w o  coronagraphs w a s  advantageous because 
t h e  a r m s  suppor t ing  t h e  e x t e r n a l  o c c u l t e r s  l a y  o p p o s i t e  
one a n o t h e r ;  t h e d o r e  t h e  r eg ion  shadowed i n  t h e  one 
ins t rument  w a s  recorded  i n  t h e  o t h e r .  
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The corona was photographed on Eastman Kodak 
Spec t roscopic  1-D f i l m  wi th  exposures  between one and 
8 seconds.  
The ins t rument  w a s  flown on two occas ions  when t h e  
moon w a s  i n  t h e  f i e l d  of view. A f l i g h t  on 9 May 1967 
took  p l a c e  a t  1618 U.T. w i t h  t h e  moon a t  5 Rs (1.O2) 
from t h e  sun  ( c e n t e r  t o  c e n t e r ) .  A p a i r  of 4 sec 
exposures ,  a t  an a l t i t u d e  of 110 Km, is shown i n  
F i g u r e  (2). The K-corona is prominent e s p e c i a l l y  above 
so l a r  r e g i o n s  of low l a t i t u d e ;  many s t r eamers  are p r e s e n t .  
The remaining background is t h e  F-corona, i . e .  z o d i a c a l  
l i g h t .  
The l a r g e  b l a c k  d i s c  is t h e  moon. A t  t h i s  p o s i t i o n  
i t  should  have cast  an a p p r e c i a b l e  shadow i n t o  t h e  
corona i f  a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  F-corona 
is  indeed made by c i s - l u n a r  material .  Our p i c t u r e s  show 
t h a t  on May 9,  1967 there w a s  no d e t e c t i b l e  shadow. 
We could  have d e t d c t e d  a shadow magnitude approximately 
5% of t h e  c o r o n a l  b r i g h t n e s s .  Therefore  w e  can p l a c e  
an upper l i m i t  on t h e  amount of c i s - l u n a r  s c a t t e r e d  
l i g h t  from t h e  shadowed reg ion ,  R = 6 Ra t o  t h e  edge of 
t h e  f i e l d ,  R = go. The l i m i t s  were 2.5 x 1Q-I’ a t  6 Rg 
and lQ-” a t  9 Rg, where t h e  umbra extended r e s p e c t i v e l y  
1/3 and 1/6 of t h e  d i s t a n c e  t o  t h e  launch s i t e .  S ince  
t h e  s c a t t e r i n g  ang le  w a s  1.5’ t o  2.25’, s c a t t e r i n g  w a s  
w e l l  w i t h i n  t h e  forward s c a t t e r i n g  lobe of t h e  
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Mie-function, where t h e  scattered i n t e n s i t y  is lo4 - lo6 
g r e a t e r  t han  a t  20°,  f o r  p a r t i c l e s  i n  t h e  t e n s  of microns 
range .  Therefore  t h e  shadow technique  is a s e n s i t i v e  
tes t  f o r  p a r t i c u l a t e  matter of t h i s  s i z e .  
The same experiment w a s  flown from White Sands Missile 
Range on November 12, 1966, t h e  day of t h e  s o l a r  e c l i p s e  
t h a t  c ros sed  South America. The t i m e  was chosen so t h a t  
t h e  moon l ay  a t  9 Ra e l o n g a t i o n .  
companion paper i n  t h i s  meeting ( P u r c e l l ,  Tousey and 
Koomen, 1967) is a r ep roduc t ion  of one of t h e  photographs.  
There $he e a r t h s h i n e  shows very w e l l ,  whereas a t  5 R, 
it was so  f a i n t  t h a t  it could not  be reproduced from t h e  
o r i g i n a l  nega t ive  a long  w i t h  t h e  corona.  
A f i g u r e  of t h e  
F i g u r e  (3) shows three photographs of t h e  moon, 
made on three d i f f e r e n t  occas ions  w i t h  t h e  r o c k e t  
coronagraph. A t  t h e  c e n t e r  is t h e  o rd ina ry  f u l l  moon. 
To t h e  l e f t  is t h e  e a r t h - l i t  moon a t  2 O  e l o n g a t i o n  on 
12 November 1966 and t o  t h e  r i g h t  is a s imilar  image 
a t  1.2' on 9 May 1967; these two photos  show t h e  moon 
closer t o  t h e  sun than  it has ever  been r eco rded .  
F i r s t ,  compare t h e  c e n t e r  and t h e  r i g h t  images. The 
full moon is seen  a g a i n s t  a da rk  sky ,  and w i t h  da rk  
maria. The e a r t h l i t  moon is superimposed on a b r i g h t  
background, t h e  sun's corona. I t  looks  about t h e  same 
a t  t h e  f u l l  moon, b u t  no t  e x a c t l y ,  because there is some 
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image smearing, caused by motion a t  r i g h t  a n g l e s  t o  t h e  
s u n ' s  d i r e c t i o n ,  du r ing  t h e  2 sec. exposure.  There is 
some sugges t ion  t h a t  t h e  c o n t r a s t  between l i g h t  and da rk  
r e g i o n s  on t h e  sunward s i d e  is less than  t h e  c o n t r a s t  
on t h e  f a r  s ide,  as compared t o  t h e  f u l l  moon. I f  there 
is c i s - l u n a r  s c a t t e r e d  l i g h t ,  t h e  diagram of F igu re  (4) 
shows t h a t  on t h e  sunward edge w e  would be  looking through 
a l l  of i t ,  hence t h e  c o n t r a s t s  would be reduced.  On t h e  
o p p o s i t e  edge a column extending  1/3 of t h e  way t o  t h e  
e a r t h  would be shadowed, hence t h e  c o n t r a s t  r educ t ion  
would be less. Photometr ic  r e d u c t i o n  of t h e  images is 
r e q u i r e d  t o  e s t a b l i s h  a p o s s i b l e  anomalous c o n t r a s t ,  
and is i n  p r o g r e s s .  
The l e f t -hand  image is  st i l l  d i f f e r e n t .  I t s  l e f t  
edge b l ends  p e r f e c t l y  i n t o  t h e  corona, bu t  its lower 
r i g h t  edge is much b r i g h t e r  than  t h e  corona.  This  is 
because t h e  corona was da rke r  on t h e  r i g h t ,  while  on t h e  
left  i t  w a s  b r igh tened  by t h e  presence  of a K-coronal 
streamer . 
I n  t h i s  image a t  2' e l o n g a t i o n  t h e  c o n t r a s t  of 
l una r  f e a t u r e s  may be a l i t t l e  g r e a t e r  t han  f o r  t h e  f u l l  
moon, a r e s u l t  no t  understood.  Cis - lunar  d u s t  would 
reduce  t h e  c o n t r a s t ,  hence t h i s  r e s u l t  i n d i c a t e s  no 
such  d u s t .  The b l u i s h  c o l o r  of t h e  l i g h t  reflected 
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from t h e  e a r t h  w a s  cons idered  as a p o s s i b l e  exp lana t ion ;  
f u l l  moon exposures  made through a b l u e  f i l t e r  showed no 
s i g n i f i c a n t  d i f  f erelsge i n  c o n t r a s t .  However, t h e  p r e c i s e  
photometr ic  s tudy  of t h e s e  images has  no t  y e t  been 
a t tempted .  
S ince  t h e  moon experiments  showed l i t t l e  sugges t ion  
of c i s - l u n a r  d u s t ,  t h e  ques t ion  arises whether t h e  h igh  
v a l u e s  of co rona l  b r i g h t n e s s  r e l a t i v e  t o  t o t a l  s o l a r  
e c l i p s e  d a t a  as observed on June 23, 1963 and A p r i l  28, 1966, 
can be exp la ined  by an i n c r e a s e  i n  d u s t .  S t r a y  l i g h t  i n  
t h e  in s t rumen t s  has been eva lua ted  w i t h  c a r e ,  and does 
n o t  seem t o  account f o r  t h e  high b r i g h t n e s s e s  observed.  
A s  it happens, t h e  c o r o n a l  b r i g h t n e s s e s  on November 12, 1961 
and May 9, 1967 were no t  s i g n i f i c a n t l y  enhanced; they  agreed 
w i t h  e c l i p s e  r e s u l t s ,  t o  w i t h i n  exper imenta l  e r r o r .  
Add i t iona l  experiments  are r e q u i r e d  t o  prove t h a t  c i s - l u n a r  
material is never p r e s e n t  i n  q u a n t i t y  s u f f i c i e n t  t o  i n c r e a s e  
t h e  obperved c o r o n a l  b r i g h t n e s s e s .  
I n  F i g u r e  (3), a t  t h e  edge of t h e  moon toward t h e  
sun ,  fo r  2' e l o n g a t i o n ,  there is a conspicuous g l i n t ;  t h i s  
l i e s  about 20° away i n  l a t i t u d e  from t h e  p o i n t  n e a r e s t  
t h e  sun .  It may be thought of as a s m a l l  b i t  of t h e  new 
moon, which would indeed form a complete c r e s c e n t  i f  t h e  
moon were a p e r f e c t  d f f f u s i n g  sphe re  w i t h  no i r r e g u l a r i t i e s .  
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What caused t h i s  g l i n t ?  I t  is loca ted  close t o  
Mare Marginis ,  10" North-Lat i tude.  The geometry of 
t h e  s i t u a t i o n  is shown i n  F igu re  (5). For t h e  moon 
a t  8 R 
t h e  r a y s  from t h e  c e n t e r  of t h e  sun are d e v i a t e d  through 
1.75" and t h o s e  from e i t h e r  edge are d e v i a t e d  through 
1.5" or 2.0". T h i s  means t h a t  t h e  ang le  of i nc idence  
i n  t h e  u s u a l  s e n s e  is no t  g r e a t e r  t han  lo. Is it 
p o s s i b l e  t h a t  there could be a s u r f a c e  p rope r ly  t i l t e d  
t o  be a s p e c u l a r  r e f l e c t o r ?  
t h e  edge closest t o  t h e  sun  is a t  7 Ro, hence 
0 
Figure  (6)  i l l u s t r a t e s  t h e  geometry. The g l i n t  l ies  
from 14' t o  23" away from t h e  p o i n t  where a s p e c u l a r  
r e f l e c t i o n  from a h o r i z o n t a l  s u r f a c e  would take p lace ,  
t h a t  is, t h e  p o s i t i o n  n e a r e s t  t h e  sun .  The d o t t e d  l i n e  
shows t h e  l o c u s  of a c y l i n d r i c a l  s u r f a c e ,  cen te red  about 
t h e  l i n e  of s i g h t  t o  t h e  sun, which ref lects  s p e c u l a r l y .  
A t  t h e  p o s i t i o n  of t h e  g l i n t  t h e  s u r f a c e  would have t o  
be t i l t e d  by a t  least 30" from t h e  moods h o r i z o n t a l  
i f  i t  were t o  r e f l e c t  l i k e  a p lane  m i r r o r ,  a most u n l i k e l y  
p o s s i b i l 5 t y .  
R e f e r r i n g  t o  F i g u r e  ( 5 ) ,  i t  is obvious t h a t  a 
r e p e a t e d  series of s u r f a c e s  t i l t e d  2" or g r e a t e r  from t h e  
moon's h o r i z o n t a l ,  t h e  sun-moon-earth p lane ,  w i l l  p revent  
t h e  r e f l e c t i o n  of s u n l i g h t ,  a c t i n g  l i k e  grooves c u t  on t h e  
i n s i d e  of a camera l e n s  mounting. Mere t h e  wid th  of t h e  
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segment of t h e  moon's s u r f a c e  t h a t  is b o t h  i l l u m i n a t e d  
by t h e  sun  and observable  from t h e  e a r t h  is 60 Km. A t  
t h e  c e n t e r  of t h i s  s t r i p ,  r e p e a t e d  tilts g r e a t e r  t han  
r t l  d e s t r o y  t h e  r e f l e c t i o n .  
The f o u r  p a i r s  of photographs t h a t  show t h i s  g l i n t  
b e s t  are reproduced i n  F i g u r e  ( 7 ) ,  a n e g a t i v e  p r i n t .  
There seems t o  be a f a d i n g  and d i f f u s i o n ,  t h a t  p rog res ses  
from exposure t o  exposure.  Th i s ,  of course ,  would be 
expected i f  t h e  g l i n t  happened t o  be produced by a 
t r a n s i e n t  c loud  of d u s t .  However, t h i s  may have been 
caused by motion of t h e  image, produced by r o c k e t  
p recess ion  or hunt ing  of t h e  p o i n t i n g  c o n t r o l .  F u r t h e r  
s tudy  is r e q u i r e d .  
The g l i n t  is by no means unaform and has  a b r i g h t  
c e n t r a l  core; a lso,  t h e r e  is a trace of another  g l i n t  
somewhat n e a r e r  t h e  p o i n t  closest t o  t h e  sun .  Photographs 
of t h i s  r e g i o n  ob ta ined  by Lunar O r b i t e r  IV,  show t h a t  
Mare Marginis  is q u i t e  smooth but  w i t h  many small  
craters (Liddel ,  1967).  Our conclus ion  as of t h e  p r e s e n t  
t i m e  is t h a t  t h e  r e f l e c t i o n  is probably produced by t h e  
floor of Mare Marginis which must be f r e e  of t ilts g r e a t e r  
t h a n  2 ' .  There are craters,  but  between t h e  craters t h e r e  
must be many smooth f l a t ,  h o r i z o n t a l  
scat ter  d i f f u s e l y .  The craters must 
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s u r f  aces which 
be almost rimless, 
otherwise t h e  r i m s  would p r e s e n t  t h e  t i l t e d  s u r f a c e s  
t h a t  would e l i m i n a t e  t h e  r e f l ec t ion .  
We have s t u d i e d  t h e  moon's image ob ta ined  a t  5 Rs 
on May 9 t h ;  wi thout  f i n d i n g  a g l i n t .  The l i b r a t i o n  ang le  
is t h e  same w i t h i n  one degree. The smaller e l o n g a t i o n  
p l a c e s  a more s e v e r e  requirement  on s u r f a c e  tilts and 
t h e  s u n ' s  corona,  aga insk  which a g l i n t  must be seen ,  
is f o u r  times b r i g h t e r  a t  4 R than  a t  7 R .  Therefore  
i t  is no t  s u r p r i s i n g  t h a t  no g l i n t  is v i s i b l e .  
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FIGURE CAPTIONS 
F i g u r e  (1) Rocket experiment package showing s p a r  and s o l a r  
o c c u l t i n g  d i s k s  i n  t h e  deployed p o s i t i o n  f o r  two 
s ide-by-s ide  coronagraphs.  Ob jec t ive  a p e r t u r e s  
are covered t o  p rese rve  c l e a n l i n e s s .  The l a r g e  
a p e r t u r e s  on t h e  l e f t  are f o r  u l t r a v i o l e t  
s p e c t r o h e l i o g r a p h s  which r e c o r d  t h e  s o l a r  d i s k .  
Figure (2) Simultaneous 4 s e c .  exposures  of t h e  o u t e r  solar 
corona and t h e  moon ob ta ined  w i t h  t h e  double 
coronagraph of F i g .  (l), on May 9,  1967. The 
c e n t r a l  image i n  each photograph is an extreme 
u l t r a v i o l e t  image of t h e  s o l a r  d i s k  taken  w i t h  
t he u l  t r av i o  l e t  ins t rument  a t  i o n .  
F i g u r e  (3) Photographs of t h e  e a r t h l i t  moon a t  s m a l l  
e l o n g a t i o n ,  and t h e  f u l l  moon ( c e n t e r )  t aken  
w i t h  t h e  coronagraph of F i g u r e  (1). 
F i g u r e  (4) Diagram showing how shadowing of c i s - l u n a r  
m a t e r i a l  produces anomalies of b r i g h t n e s s  and 
c o n t r a s t  a c r o s s  t h e  f a c e  of t h e  e a r t h l i k  moon 
observed from t h e  earth. 
F i g u r e  (5) R e f l e c t i o n  of s u n l i g h t  from t h e  moon's l i m b  
when observed a t  an e l o n g a t i o n  8 R, ( 2 O  c e n t e r  
t o  c e n t e r ) .  
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Figure  (6 )  Observed pos i t io r r  of g l i n t  on l imb from 
F igure  5. Time was 1642.5 UT, 12 November 
1966, a t  White Sands Missile Range, N e w  Mexico. 
F i g u r e  ( 7 )  Enlargements from p a i r s  of s imultaneous 
photographs showing g l i n t  on moon's limb, 
a t  p o s i t i o n  i n d i c a t e d  i n  F igu re  ( 6 ) .  
Exposure t i m e  on each was 2 sec. b u t  image 
motion was s l i g h t l y  g r e a t e r  on t h e  l a t t e r  
three exposures .  
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